Aims and objectives
#Endometriosis is a common gynecological disease that affects approximately 10% of females of reproductive age in the United States [1] .
#
The risk of malignant transformation of endometriosis is estimated to be approximately 0.7% in Japan [2, 3] .
The purposes of the present study were to clarify the MR findings of malignant ovarian lesions arising from endometrial cysts, and to compare the lesions' histopathology and MR characteristics.
Methods and materials
We performed a retrospective analysis of 140 patients (179 lesions)aged between 20 and 64 years, who were diagnosed by MRI as having endometriomas between May 2004 and December 2012 and underwent surgery.
MRI Technique
• A 1.5 T MR system for 137 patients and a 3 T MRI system for 3 patients.
• Axial T1-weighted spin-echo and T2-weighted spin-echo images.
• The slice thickness was 5 mm and the intersection gap was 6 mm. • Dynamic study was performed before and 30 sec, 60 sec, 120 sec and 180 sec after the rapid bolus intravenous injection of 0.1 mmol of gadolinium contrast medium per kilogram of body weight.
• Dynamic subtraction contrast-enhanced images in which the pre-contrast image was subtracted from the contrast-enhanced image at 60 sec were created for all patients.
Image Processing and Data Analysis
• Two experienced abdominal radiologists (M.K., T.T.), who had no knowledge of pathological results, reviewed MR images.
•
We analyzed the characteristics of the cystic lesions, including the maximum diameter, number of locules (i.e., unilocular or multilocular), signal intensity of the cyst contents on axial T1-weighted and axial T2-weighted images, thickness of the cystic wall, and thickness of the septum.
We evaluated the characteristics of the mural nodules, (i.e., the maximum diameter, number, shape [papillary or rounded], signal intensity on axial T1-weighted and axial T2-weighted images, pattern of enhancement, and attached angles of mural nodules to the cyst wall) Fig. 1 on page 4 . • Our MR criteria for malignant transformation with endometriomas were enhanced mural nodules in the dynamic study.
We categorized the cystic ovarian lesions into benign and malignant groups based on the MRI criteria described above and compared the characteristics of the cystic lesions and mural. • The statistical analysis was performed using unpaired t-tests. The Bonferroni correction was used to adjust the p-values for multiple testing. • This study had the approval of the ethics committee.
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Results

MRI findings and pathological findings
# Among the 179 lesions, preoperative MR imaging diagnosed 153 benign and 26 malignant.
# Based on the pathological results, 169 were diagnosed as benign and 10 were diagnosed as malignant.
# We classified into four groups with preoperative and pathological diagnosisTable 1 on page 11. -endometrial cysts, 160; dermoid cysts, 3; serous cystadenoma, 3; simple cysts, 2; and mucinous cystadenoma, 1.
Group 2: the preoperative MR diagnosis and pathological findings were malignant; 9 lesions Fig. 3 on page 9.
-clear cell adenocarcinoma, 3; mucinous cystadenocarcinoma, 2; serous cystadenocarcinoma, 1; endometrioid adenocarcinoma, 1; endometrioid borderline ovarian tumor, 1; mucinous border line ovarian tumor, 1.
Group 3: the preoperative MR diagnosis was malignant and the pathological diagnosis was benign, 17 lesionsFig. 4 on page 10.
-endometrial cysts, 14; serous cystadenoma, 2; dermoid cyst, 1.
Group 4: the preoperative MR diagnosis was benign but the pathological diagnosis was malignant, one lesion.
-endometrioid adenocarcinoma, 1.
The MRI appearances of the ovarian lesions Table 2 on page 12.
# There was no statistical significant difference among groups 1, 2 and 3 in the mean maximum diameter of whole lesions, maximum thickness of cyst wall and septum.
# Mural nodules were associated with 3 (2.0%), 9 (100%), 17 (100%) and 0 (0 %) lesions in groups 1, 2, 3 and 4, respectively.
# Nine of twenty six cysts with enhanced nodules (56.3 %) were diagnosed as pathologically malignancy.
The MRI appearances of the mural nodules within ovarian lesions Table 3 on page 13 .
# As for mural nodules, there was a significant difference between groups 1 and 2 in the mean maximum diameter of mural nodules.
# As for shapes, 20 were papillary (group1; 0%, group 2; 69%, group 3; 41%) and 25 were rounded (group1; 100%, group 2; 31%, group 3; 59%) .
# As signal intensity, on T2-weighted images, the mural nodules were hypointense in 100%, 13% and 59% in groups 1, 2 and 3, respectively, and hyperintense in 0%, 88% and 41% lesions in groups 1, 2 and 3.
# An acute attached angle was shown in 14% in group 1, in 69% in group 2, and in 59% in group 3.
Sensitivity and Specificity by findings for 38 enhanced nodules which were preoperatively diagnosed as malignancy Table 4 on page 14.
# We calculated sensitivity, specificity and accuracy by MR findings of shape, signal intensity on T1-weighted images, signal intensity on T2-weighted images and angles attached of mural nodules to cyst wall as malignant potential.
# The sensitivity was 55 %, 43.2 %, 60.9 % and 45.8 % , the specificity was 72.2 %, 100 %, 86.7 % and 64.3 % and the accuracy was 55 %, 43.2 %, 87.5 % and 68.8 % in papillary shape, hypointensity on T1-weighted images, hyperintensity on T2-weighted images and acute angles attached of mural nodules to cyst wall.
Summary and Discussion
Characteristics of the whole ovarian lesions
Size, thickness of the wall, the septum and laterality:
# In the present study, benign lesions (groups 1 and 3) tended to show a unilocular appearance and be small-sized.
# There were no significant differences among groups 1, 2 and 3 in terms of the maximum diameter, thickness of the wall, or thickness of the septum.
Shading:
# Many researchers have described that shading was a specific finding for benign lesions [4] [5] [6] [7] [8] .
# In the present study, there was no significant difference in the shading between the benign lesions (groups 1 and 3) and malignant lesions (group 2). Our study population included 28 cases of long-term follow-up, and this may have affected the shading result.
Characteristics of the mural nodules:
Enhancement # Lee AY, et al. reported that the presence of enhancing mural nodules within the endometrial cyst was a key finding of malignant transformation [9] [10] [11] [12] . Tanaka reported that contrast enhancement of the mural nodules was observed in 97% of malignant and 44% of benign tumors. [12] .
# Only 9 of 26 cysts with enhanced nodules (56.3 %) were diagnosed as pathologically malignancy. Granulomatous tissue within ectopic endometriotic tissue or some component can be interpreted as mural nodules in the past report, and may be suspected to be a 'mural nodule' within cysts on MR images [13] .
Numbers
# There were may nodules in endometriomas with malignancy compared with benign lesion.
Size # The diameters of the mural nodules of the malignant lesions (group 2) were significantly larger than those of the benign lesions (group 1).
# Mural nodules ranging about 10 to 30mm in diameter both the malignant and benign groups as past reports.
Growth pattern
# The degree of the attached angle may be related to the pathological growth pattern of mural nodules. In the present study, three of the four (75%) mural nodules of clear cell carcinoma showed an acute angle.
# In addition, 11 of the 25 (44 %) lesions that showed an acute angle were histologically malignant; therefore, we suggest that lesions with an acute angle may indicate aggressive proliferation of the tumor, although there was no significant difference in this parameter among the three groups (groups 1, 2 and 3). # The acute angle described in this study might be included in the criteria of malignant tumors associated with endometriomas.
Some limitations # Retrospective study, only 28 cases of long-term follow-up, using different MRI machines, including 'not endometrioma in pathological findings' and the unclearness of reproducibility of these findings.
Images for this section:
Fig. 2:
A 27-year-old female with a benign endometrial cyst in the left ovary which was correctly diagnosed by preoperative MR imaging (group 1). a: Axial T2-weighted imaging shows a diffusely hyperintense left adnexal mass (arrow) and a hypointense mural nodule in the hypointense cyst wall. b: Axial T1-weighted imaging shows a hyperintense adnexal mass (arrow) and a hyperintense mural nodule in the hypointense cyst wall. c: Axial fat-suppressed T1-weighted imaging shows a hyperintense adnexal mass and a hyperintense mural nodule (arrow). The cyst and the mural nodule were suspected to be hemorrhagic fluid and coagula. The attached angle of the mural nodule to the cyst wall was 47.9 degrees (acute angle). d: An axial subtraction image shows no enhancement of the mural nodule. 
Fig. 4:
A 28-year-old female with benign endometrioma in the right ovary, which was preoperatively diagnosed as an endometrioma with malignant foci by MR imaging (group 3, mural nodule was pathologically diagnosed as granulomatous tissue with hemosiderin). a: Axial T2-weighted image shows a diffusely hyperintense right adnexal mass (arrow) and a hyperintense mural nodule in the hypointense cyst wall. b: Axial fatsuppressed T1-weighted image shows a hyperintense adnexal mass and a hypointense mural nodule (arrow). The attached angle of the mural nodule to the cyst wall was 114 degrees (obtuse angle). c: Axial subtraction image shows intense enhancement of the mural nodule (arrow). Table 1 
